ABSTRACT Five-month-old Angus x Hereford reciprocal crossbred nursing steer calves on fescue pasture were used to determine the effects of 1 ) limiting supplemental feed intake and 2 ) soyhulls and corn as sources of supplemental (creep) feed in an 84-d study. The treatments were 1 ) control (no creep feed), 2 ) limited intake of corn ( 1 kg/d), 3 ) unlimited intake of corn, 4) limited intake of soyhulls ( 1 kg/d), and 5) unlimited intake of soyhulls. Before weaning, there were no differences in supplemental feed efficiency ([supplemented gain -control gainl/supplement intake) or calf gain between corn or soyhulls. Calf gain before weaning increased linearly ( P < .05) as intake of creep feed increased, but supplemental feed efficiency did not differ between limited and unlimited supplements. Feedlot performance by the calves was not affected by any of the previous treatments. Calves that consumed a n unlimited level of creep feed had greater ( P -05) quality grades than the control group that did not consume creep feed, but no other carcass traits were influenced by treatment. In a metabolism study, fescue DM intake decreased linearly ( P . O O l ) with increasing levels of creep feed, whereas milk DM intake was not affected by level of creep feed. Digestible DM intake increased linearly ( P .001) with increasing intake of creep feed. No differences ( P > .18) were observed in digestible DM intake as a result of creep feed source. Apparent total tract DM digestibility increased ( P < .05) with increasing level of creep feed intake but did not differ between sources. Unlimited soyhulls increased ( P < .05) total tract NDF digestion compared with the corn treatments because of the high digestibility of soyhull NDF. Creep feeding increased calf weaning weights and enabled more cattle to achieve Choice quality grade at 14 mo of age. A highly digestible fiber source such as soyhulls can replace corn as a supplement for nursing calves.
Introduction
Supplementation of nursing beef calves is commonly referred to as creep feeding and traditionally consists of allowing calves unlimited access to a grain mix. Giving creep feed to calves has increased weight gains; however, the supplemental feed efficiencies ( SFE) have been relatively poor (> 8 kg of feed per kilogram of gain; Stricker et al., 1979) . Limiting the amount of creep feed consumed daily is one method to improve efficiency (Lusby, 1986; Lusby and Wettemann, 1986 ). Research with limited creep feeding has been conducted on warm-season grasses using high-protein supplements; however, when cool-season grasses were the forage resource, high-protein supplements did not increase digestion above a n all-grain control (Cremin et al., 1991) .
The source of supplemental energy may influence SFE. Soyhulls contain high levels of potentially digested fiber and can replace some or all the grain in the diet of beef cattle (Hibberd and Chase, 1986; Hsu et al., 1987) . Our objectives were to evaluate performance and digestion by calves fed limited or unlimited amounts of supplemental corn or soyhulls.
Materials and Methods
Growth Skuudy. The study was conducted at Dixon Springs Agricultural Center from June 20 to October 11, 1989 (113 d). Ninety Angus x Hereford cows (condition score 4 on a 1 to 9 scale) nursing 5-mo-old Angus x Hereford steer calves (two-breed reciprocal crossbreeding program) were blocked by age of calf into three groups and allotted randomly to five treatments, resulting in three blocks of five treatments with six cow-calf pairs per group. The groups were assigned randomly to 15, 3-ha, endophyte-infected tall fescue ( Festuca arundinacea Shreb.) pastures that were adjacent to each other in a large, flat, uniform area. After restriction from feed and water for 16 h, the BW of the calves and cows was measured at the beginning and end of the trial. Gain and supplemental efficiency ([supplemented gaincontrol gainl/supplement intake) were calculated.
The five treatments were grazing only (control), limited corn (LC; intake limited to 1.0 kg/d of DM), limited soyhulls (LS; intake limited to 1.0 kg/d of DM), unlimited corn ( UC), and unlimited soyhulls (US). Intake on the limited creep feed treatments was maintained by the addition of an average of 11% salt (DM basis) to the creep feed, and salt level was maintained the same for C and S. The creep feed was weighed and placed in a self-feeder in each pasture. Every 3 d, the remaining creep feed was removed and weighed, and the percentage of salt was adjusted to maintain intake at the desired level. Initially, the creep feed contained no salt, and the level increased to 15% salt (DM basis) by the end of the study. Calves were weaned October 11, 1989, and remained in their respective groups until slaughter. They were fed a growing diet (Table 1) for 77 d and then fed a finishing diet (Table 2 ) for 167 d. Body weight of the calves after a 16-h removal from feed and water was measured at the beginning and end of each period. Gain, intake, and efficiency were measured for both periods. At the conclusion of the finishing period when the calves were visually evaluated to have approximately 1 cm of backfat, all calves were slaughtered, and carcasses were evaluated to determine yield grade, hot carcass weight, adjusted fat thickness, marbling score, longissimus muscle area, internal fat (kidney, pelvic, and heart), and quality grade.
Data were analyzed using pasture as the experimental unit by the GLM procedures of SAS (1985) . The model included gain, intake, and supplemental feed efficiency as dependent variables and block, source, and level of supplement and the level x aMean f SE; n = 3. bMean f SE; n = 6. 'Linear effect ( P < ,001) DM basis.
eLinear effect ( P < .05).
animal and period. Calves were fed so that approximately 30% of the creep feed offered was refused and discarded after sampling. A sample of each type of creep feed was saved each period for subsequent analyses. The composition of the freshly harvested fescue and creep feeds is shown in Table 3 .
To determine the daily milk intake for each period, the dams were milked a t 0700 of d 15 of each period instead of allowing the calves to nurse. At 0700 on d 15, cows were given 60 USP units of oxytocin in the jugular vein and milked by machine. The milk was weighed, and a 120-mL sample was saved. A preservative (2-bromo-2-nitropropane-1,3 diol; Microtabs, D & F Central Systems, San Ramon, CA) was added to the sample before analysis. Milk DM intake was calculated as the sum of solids nonfat (SNF) intake and fat intake. Daily milk intake was calculated as milk weight x 2.
To determine total tract digestibility, one gelatin capsule that contained 3.5 g of CrzO3 was inserted into the rumen daily at 0700 and 1900. Fecal grab samples were collected on d 11 through 14 of each period and frozen immediately. The samples were collected every 6 h each day, and the sampling times were advanced 1.5 h each day to yield 16 samples that were representative of a 24-h period.
To determine fluid dilution rate (FDR), 3.72 g of cobalt EDTA (Uden et al., 1980) was dissolved in 1,000 mL of tap water and poured into the rumen at 0730 on d 11. To collect a sample of ruminal fluid, five subsamples of whole ruminal contents were taken from representative areas of the rumen and composited. The fluid was separated from the particulate fraction by squeezing the cornposited sample through six layers of cheesecloth. Immediately after collection on d 11, ruminal pH was measured on samples collected 0, 3, 6, 9, 12, and 15 h after feeding. After measurement of pH, 50 mL was acidified with 3 mL of 6 N HC1 and frozen for later analysis of Co, VFA, and NH3 N. One additional sample was collected 18 h after feeding on d 11, acidified, and frozen for later analyses of Co, VFA, and NH3 N. Ruminal fluid samples also were collected at 30, 36, and 72 h after fluid marker injection, acidified, and frozen for later analysis of Co (Hart and Polan, 1984) . To determine particulate passage rate, 150 g (asis) of fescue marked with 1 g of Yb was placed into the rumen. The Yb-marked fescue was prepared 18 h before it was dosed into the rumen at 0730 on d 1 by spraying slowly and mixing 150 mL of a YbCl3.6H2O solution with a portion of the diet. To collect a sample of particulate matter, five subsamples of whole ruminal contents were taken from representative areas of the rumen and composited. The fluid was strained, and the particulate sample was frozen for later analysis of Yb (Hart and Polan, 1984) .
Creep feed samples were ground in a Wiley mill to pass a 1-mm screen. Fecal samples were thawed, dried at 55°C in a forced-air oven, and ground to pass a 2-mm screen, and subsamples of equal weight were composited by animal and period; fescue samples were handled similarly. The percentage of DM, OM, Kjeldah1 N (AOAC, 19751, and NDF, ADF, and ADL (Goering and Van Soest, 1970) were determined on a subsample of the dried and ground forage samples, and the total weight of the components in the samples was calculated. Creep feed and fecal samples were analyzed for DM and Kjeldahl N (AOAC, 1975) . To remove interference from starch in NDF and ADF analyses of creep feed and fecal samples, a procedure aMean f SE; n = 3. bMean f SE; n = 6. CDM basis.
dLinear effect ( P < .05). e9 = high Select; 10 = low Choice. similar to that of Jeraci et al. (1988) was used. Creep feed (1 g ) or feces ( . 5 g ) was weighed into 400-mL Berzelius breaker and 100 mL of NDF or ADF solution was added. Then, .2 mL of the heat-stable CYamylase, Termamyl 120 L, were added, and the mixture was refluxed for 1 h. For NDF, the mixture was then suction-filtered through 12.5-cm Whatman 541 filter paper folded into a cone. For ADF, the mixture was filtered through a fritted glass crucible. The fiber was rinsed twice with hot water and once with acetone. Concentration of Cr in feces was determined according to procedures of Williams et al. (1962) . Data were analyzed as a Latin square design using the GLM procedures of SAS (1985) . Treatment effects were analyzed by level and source of creep feed and their interaction. Linear and quadratic orthogonal contrasts were evaluated for level of creep feed. Contrasts were adjusted for unequal spacing. Ammonia N, pH, and VFA concentrations were evaluated using a split-plot design. Because the sampling time x treatment interactions were not significant ( P > .14), average values are presented for each of the variables. Regression analyses for ruminal markers were performed using the REG@ procedure of SAS (1985) .
Results and Discussion
Growth Study. No interactions between level and source of creep feed were detected ( P > .14). Hence, C,dLeast squares means in a row that do not have common e9 = high Select; 10 = low Choice. f,gLeast squares means in a row that do not have common superscripts differ ( P < .05); n = 6. superscripts differ ( P < .01).
comparisons evaluated were the main effects of level of creep feed (control, limited creep-fed [average of LC and LSI, and unlimited creep-fed calves [average of UC and US]) and source of creep feed, either corn or soyhulls. During the creep period, calves fed a limited level of creep feed had 39% greater ( P < .05) daily gain than control calves, and calves given unlimited creep feed had 13% greater ( P < . 0 5 ) daily gain than calves on limited creep feed treatments (Table 4) . Therefore, as creep feed intake increased, which increased supplemental energy and protein intake, the daily gain by calves increased. Increased growth in calves fed unlimited creep feed vs that of calves not given creep feed has been observed in numerous trials (Stricker et al., 1979; Prichard et al., 1989) . Moreover, increased growth rate by calves given limited creep feed vs those not given creep feed has been reported (Lusby and Wettemann, 1986 ).
There were no differences ( P > .12) in SFE as a result of level of creep feed. Supplemental feed efficiency values in our study (.21 and .14 with creep feed intakes of 1.01 and 2.28 kg/d, respectfully) were similar to those reported by Prichard et al. (1989) .
There were no differences ( P > .05) in gain or SFE as a result of source of creep feed (Table 5 ) . However, calves consuming corn as a creep feed had greater daily DM intake (1.77 kg/d) than calves consuming soyhulls (1.53 kg/d; P < .05). The influence of creep feed level on subsequent performance during the growing and finishing period is shown in Table 6 . Intake tended to increase in a linear fashion for the growing ( P = .12), finishing ( P = .09), and combined ( P = .07) phases, which may be attributed to more rapid adaptation to a concentrate diet by calves given unlimited creep feed and(or) to initial weight differences. During the finishing period, creep-fed calves converted feed to gain less efficiently ( P < .05) than those not creep-fed; however, no differences ( P > .2 1) resulting from level of creep feed were observed when the growing and finishing periods were combined. Steudemann et al. (1968) and Martin et al. ( 198 1) also observed no influence of creep feed level on daily gain during growing or finishing periods. The effects of creep feed level on carcass characteristics are shown in Table 6 . Quality grade increased ( P < .05) linearly with increasing levels of creep feed. Deutscher and Slyter (1978) also observed an improvement in quality grade for creep-fed calves vs those not creep-fed. Fat thickness also tended to increase linearly ( P = .06) with previous level of creep feed. All other carcass measurements did not differ ( P > .16) as a result of level of creep feed.
The effect of creep feed source on subsequent performance during the growing and finishing period is shown in Table 7 . During the growing period, calves that were creep-fed corn tended ( P = .06) to convert feed to gain more efficiently than calves that were creep-fed soyhulls. This difference may have resulted from the calves that were creep fed corn being adjusted to a higher starch diet that was more similar to the growing diet (Table 1) than the calves that were creep-fed soyhulls. During the finishing period, calves that were creep-fed corn converted feed to gain less ( P < . 0 5 ) efficiently than calves that were creepfed soyhulls. When the growing and finishing periods were combined, there were no differences ( P > .16) in performance as a result of source of creep feed.
Calves that received corn as a creep feed source had a higher quality grade ( P < .O 1 ) than calves that were creep-fed soyhulls (Table 7 ). All other carcass measurements (adjusted fat thickness, hot carcass weight, internal fat, longissimus muscle area, and yield grade) did not differ ( P > .16) between the two sources of creep feed.
Digestion Study. Intakes for the treatments in the metabolism trial are shown in Table 8 . Levels of supplemental feed were approximately .6 and 2.8 kg/d for limited and unlimited groups, respectively. Fescue intake decreased as supplement intake increased. Similar results were reported by Cremin et al. ( 199 1 ). There were no differences ( P > .18) in the intake of milk DM or milk components among treatments, possibly because of the experimental design. Differences were observed for DM, NDF, ADF, and CP intakes (Table 8) . Calves fed unlimited levels of Z V = level; S = source; L = linear effect; Q = quadratic effect; *P < .05; **P < .01; ***P < .001; NS = nonsignificant.
unlimited soyhulls; n = 5.
creep feed had a greater DM intake than calves on the limited and control treatments ( P < .05). Calves fed unlimited soyhulls had the greatest NDF intake ( P < .05). Furthermore, US calves also had the greatest ( P < .01) ADF intake, and LS calves had a greater ADF ( P e .01) intake than UC calves ( P < .05). Calves fed US had the greatest CP intake, and calves fed UC had a greater CP intake than calves on the LC and control treatments.
As the level of DM intake of creep feed increased, fescue DM intake decreased ( Table 8) . As level of creep feed intake increased, digestible DM intake also increased ( P < .05). This finding could explain the differences in performance observed in the growth study. There were no differences ( P > .05) in fescue DM intake as a result of source of creep feed.
Apparent total tract DM digestibility (Table 9 ) increased (quadratic, P < .001) with increasing level of creep feed intake. Apparent total tract DM digestibility (Table 9 ) did not d s e r ( P > .46) between creep feed sources. There were interactions ( P < . 0 5 ) of source and level for NDF and ADF digestibility. The increase in NDF and ADF digestibility for the soyhull supplement compared with the corn supplement was likely the result of the large amount of potentially degraded fiber in soyhulls. Hsu et al. (1987) observed an 18% greater DM disappearance of soyhulls than of corn fiber. Apparent CP digestibility decreased ( P < .OOl) with increasing levels of supplement and differed ( P < .O 1) between sources. This difference in aC = fescue alone; LC = fescue plus .6 kg of corn; UC = fescue plus unlimited corn; LS = fescue plus .62 kg of soyhulls; US = fescue plus bStandard error of mean. cLV = level; S = source; L = linear effect; Q = quadratic effect; *P < .05; **P < .01; ***P < .001; NS = nonsignificant. unlimited soyhulls; n = 5. NS NS NS *C = fescue alone; LC = fescue plus .6 kg of corn; UC = fescue plus unlimited corn; LS = fescue plus .62 kg of soyhulls; US = fescue plus unlimited soyhulls; n = 5. bStandard error of mean.
";LV = level; S = source; L = linear effect; Q = quadratic effect; *P < .05; **P < .01; ***P < .001; NS = nonsignificant.
aThe values are least squares means averaged over eight sampling times; n = 5.
CP digestibility could be a result of highly digestible milk CP being a greater proportion of total CP intake and the high degradability of fescue protein for the control diets. The differences between sources may reflect degradable protein differences between corn and soyhulls.
Ruminal pH decreased ( P < . O O l ) with increasing level of supplementation and was lower ( P < .001) for corn than for soyhulls, particularly at the high level of corn (level x source interaction; P e ,001; Table 10 ).
The level effect may have resulted from increased fermentation of starch or potentially digested fiber that decreased pH. The starch fermentation on the corn treatment decreased pH, particularly at the high level of supplementation, presumably as a result of acid produced through starch digestion (Owens and Goetsch, 1988) . The source x level interaction for ruminal pH is in agreement with the source x level interactions in NDF and ADF digestibility discussed earlier.
Ruminal NH3 N concentrations (Table 10) for all treatments were greater than 5 mg/dL, the concentration below which Satter and Slyter (1974) demonstrated that ruminal NH3 N concentration limited efficiency of ruminal microbial growth. Hence, NH3 N concentration probably did not limit ruminal fiber digestion. There were level (linear, P < .001; quadratic, P < .05), source ( P < .05), and source x level ( P < .001) interaction effects on N H 3 N. The level difference may have resulted from high ruminal degradation of fescue protein and(or) utilization of N for microbial protein synthesis with the energy supplied by corn and soyhulls. The source effects and interaction may have resulted from a lower ruminal degradation of protein from corn than from soyhulls.
Total ruminal VFA concentration (Table 10 ) was greater ( P < .05) for supplemented calves than for control calves. Level of supplementation decreased ( P < . O l ) acetate, increased ( P < .01) propionate, and decreased ( P < . O O l ) the acetate: propionate ratio.
The source x level interactions for acetate ( P < .O l ) , propionate ( P < . 0 11, and the acetate: propionate ratio ( P < . O l ) suggest that corn caused a larger shift than soyhulls. These shifts in VFA concentrations are often observed as concentrate is added to a forage diet (Cremin et al., 1991) .
There were no differences ( P > .lo) in ruminal fluid volume or flow rates among treatments (Table 10) .
Fluid dilution rate increased ( P < .05) with increasing level of supplementation, and the source x level interaction ( P < .05) indicates that the response vaned with source. Soyhulls tended ( P = .08) to have a higher particulate passage rate than corn. The increases in fluid dilution rate and particulate passage rate with a primarily fibrous diet may tend to decrease DM digestibility; however, because soyhulls are readily digested (Hsu et al., 1987) , DM digestibility was not influenced.
Implications
Creep feeding increased calf weaning weights and enabled more steers to achieve Choice quality grade at 14 mo of age. A potentially digested fiber source such as soyhulls can successfully replace corn as a creep feed source and may not affect fiber digestion negatively, as sometimes occurs when forage diets are supplemented with grain.
